The evaluation of nuclear data libraries is an important tool to develop nuclear technology. To achieve this goal, OSMOSE program utilized samples that are composed of separated actinides which contain isotopes of americium, plutonium, uranium, and thorium. By inserting those samples in the core configuration of MINERVE reactor, they can be used for improvement of nuclear cross-section databases by cross checking their calculated reactivity worth per each sample using several nuclear data library versions and experimental measurements. The present study investigated the effect of the used nuclear data library on the calculated reactivity of MINERVE reactor with several OSMOSE samples employed in R1-UO2, R1-UO2, and R1-MOX core configurations. The study performed a comparison between the calculated effective multiplication factor using MCNPX code with ENDF/BVI.8 and ENDF/BVII.0 nuclear data libraries. Moreover, the relative difference between the calculated reactivity worth by ENDF/BVI.8 and ENDF/BVII.0 was examined and discussed using available experimental results of the relevant core.
Introduction
The development of nuclear technologies depends on building and improving nuclear data that provide an accurate numerical simulation of the nuclear reaction to obtain reliable design calculations. This is an essential requirement for safety and economic operation of these technologies. The basic data include energydependent cross-sections for reactions of many combinations of projectile and target, the atomic and nuclear properties of the nuclear excited states, and the associated radioactive decay data. Although the nuclear data and computational tools used for the present nuclear reactors have been extended to a high level of progress, the advanced types of reactors still require a further improvement in those tools and data, especially for employing unconventional nuclear fuel such as plutonium and minor actinides as a part of nuclear waste management and future design of nuclear systems. Addressing the above issues, several studies have been going on to test and validate nuclear data libraries such as ENDF/B-VI.0, ENDF/B-VII.0, ENDF/B-VII.1, JENDL-3.3, JEFF-3.0, and JEFF-3.1 using Monte Carlo transport codes MCNP, MCNPX, and others [1] [2] [3] [4] [5] [6] . The experimental programs in MINERVE reactor [7] [8] [9] are designed to develop the integral absorption cross-sections of heavy isotopes and actinides. One of those important programs is the oscillation in MINERVE of isotopes in eupraxic spectra program Arab J. Nucl. Sci. & Applic. Vol. 53, No. 1 (2020) HESHAM SHAHBUNDER 164 (OSMOSE) with the goal of improving the calculations of neutronic parameters of advanced nuclear fuels via oscillation measurements in the MINERVE facility on samples that contain the separated actinides of americium, plutonium, uranium, and thorium isotopes. The investigations have undergone in a variety of neutron spectrum including thermal, epithermal and fast spectra. The purpose of this work is to study the effect of using different ENDF nuclear data library on the calculated effective multiplication factor and reactivity worth of MINERVE reactor with several OSMOSE samples. The calculations are performed by MCNPX code with ENDF/BVI.8 and ENDF/BVII.0 nuclear data libraries, in R1-UO2, R1-UO2, and R1-MOX core configurations. The final results are tested by comparison to available experimental measurements.
Minerve Reactor
MINERVE is an experimental pool-type reactor, which operates at low power of 100 W. The dimension of the core is about 2.7  2.7  2.2 meters which is submerged under water and divided into a driver zone that surrounds an experimental zone positioned in a central square cavity whose dimensions are about 0.70 m by 0.70 m . The reactor core is moderated by distilled water and cooled by natural convection. The driver zone is fueled by uranium of 90 -93 wt% enrichment, with aluminum clad, and divided into about 30 elements surrounded by a graphite reflector. The experimental zone is fueled by uranium of 3 wt% enrichment and used to control the neutron spectrum and conduct experiments. Specific and detailed description of the driver and experimental zones in MINREVE reactor is found in previous studies [10] [11] [12] . Osmose samples are employed in MINERVE reactor to enhance the nuclear cross-section databases by comparative calculations and measurements of the reactivity per each sample [13] . The samples are composed of separated actinide including isotopes of americium ( 241 Am, 243 Am), plutonium ( 238 Pu, 239 Pu, 240 Pu, 241 Pu, 242 Pu), uranium ( 233 U, 234 U, 236 U) and thorium ( 232 Th). The isotopic composition of OSMOSE samples are shown in Table 1 [14] . The crosssectional view of the samples is shown in Figure  ( 1), with more dimensional parameters found in the previous studies [10, 15, 16] . The samples are inserted individually in the core center for conducting experiment and necessary measurements. The present study investigates three core configurations of MINERVE, which are R1-UO2, R2-UO2, and R1-MOX, shown in Figures (2, 3 , and 4, respectively). The experimental zone of R1-UO2 contains 776 fuel rods of UO 2 with a void in the center of the lattice. The same configuration applies for R2-UO2 experimental zone except for removing 8 fuel rods that surround the central void. The configuration of R1-MOX experimental zone is also similar to that of R1-UO2 but with 156 UO 2 fuel rods, which surrounds the central void, being replaced by mixed oxide fuel rods (MOX) that are mainly composed of PuO 2 with Pu of 3-4 wt%. The fuel and characteristic neutron spectrum of each core are shown in Table ( 2) .
Mcnpx Model
In the present work, MCNPX code [17] with ENDF/B-VI.8 data library [18] and ENDF/ B-VII.0 data library [19] are used in the calculation to obtain the neutron multiplication factor k eff and reactivity worth. The radial and side view of the MCNPX model of MINERVE core are presented in Figures (5 and 6) , showing the main experimental and driver zones. The core configurations R1-UO2, R2-UO2, and R1-MOX were modeled using MCNPX and eigenvalue calculations were executed with a number of histories of 35 million including 250 active cycles. The standard deviation in sigma was less than 1.9E-4 for all core calculations 
Results and Discussion
The comparison of the calculated neutron spectrum shown in Figure (7) confirms the soft spectrum characteristics of R2-UO2 core, which is mentioned in Table ( 2). This is due to the over moderation of the R2-UO2 compared to R1-UO2 which is discussed in the details of their core configuration in a previous study [10] . The change in the thermal and fast neutron flux components between the cores induces a significant effect on the criticality calculation according to the used nuclear data library, and thus, influence the accuracy of the results in the two studied versions, ENDF/BVI.8 and ENDF/BVII.0, as will be shown later.
Fig. (7): Comparison between neutron spectra for the core configurations R1-UO2, R2-UO2, and R1-MOX [8]
The comparison between the calculated effective multiplication factor k eff in cases of R1-UO2, R2-UO2, and R1-MOX configurations with OSMOSE samples, using ENDF/BVI.8 and ENDF/BVII.0 nuclear data is shown in [14, 16] in cases of R1-UO2 and R1-MOX as shown in Figures (8 and 9) . The calculated reactivity worth using ENDF/BVII.0 shows a considerable better agreement with the experimental results than when using ENDF/BVI.8. The minimum and maximum absolute relative difference between the experimental results and ENDF/BVII.0 calculations were 1% and 5% in case of R1-UO2, and, 1% and 8% in case of R1-MOX, respectively. A much larger deviation from the experimental results was observed upon using ENDF/BVI.8 nuclear data in the calculations, particularly in NP37_2, PU39, and PU42 samples in R1-UO2, and, NP37_1, PU42, and URE samples in R1-MOX. The minimum and maximum absolute relative differences between the experimental results and ENDF/BVI.8 calculations were 8% and 132% in case of R1-UO2, and, 34% and 195% in case of R1-MOX, respectively. These results show a significant improvement in ENDF/BVII.0 nuclear data evaluation over ENDF/BVI.8, which was particularly evident in PU39, PU42, and U234 samples in case of R1-UO2, and, Unat and URE samples in case of R1-MOX, where the absolute relative difference between the experimental results and ENDF/BVII.0 calculations was reduced down to 1%. Other than the variation between the experimental and calculated results due to using different data libraries, it is also worth noting that OSMOSE samples may include other unspecified isotopes due to storage contaminations or incomplete separation of actinides. However, from the comparison of the relative difference between the experimental and ENDF/BVII.0 calculated results, this effect would produce a much smaller variation than that observed when using ENDF/BVI.8 in calculations. 
Conclusion
The present work investigated the effective multiplication factor and reactivity worth of MINERVE reactor with several OSMOSE samples in R1-UO2, R1-UO2, and R1-MOX core configurations. The investigation involved the comparison of the calculated effective multiplication factor using MCNPX code with ENDF/BVI.8 and ENDF/BVII.0 nuclear data libraries. Moreover, the difference between the calculated reactivity worth by ENDF/BVI.8 and ENDF/BVII.0 was examined using available experimental results of the relevant core. The comparison of the calculated effective multiplication factor using ENDF/BVI.8 and ENDF/BVII.0 nuclear data libraries showed the tendency of ENDF/BVI.8 to underestimate criticality with respect to ENDF/BVII.0 in the soft spectrum core, while overestimate criticality in the relatively harder spectrum core. The comparison between the experimental and calculated reactivity worth of OSMOSE samples in R1-UO2 and R1-MOX core configurations using ENDF/BVII.0 and ENDF/BVI.8 nuclear data libraries, showed a considerable improvement in ENDF/BVII.0 evaluation. This improvement is owing to a better accuracy in the cross-sections and fission yield products, especially in PU39, PU42, and U234 samples in case of R1-UO2, and, Unat and URE samples in case of R1-MOX of the relatively harder neutron spectrum. Further investigations and comparisons are required for more recent nuclear data libraries including ENDF/BVII.1 and ENDF/BVIII.0 in a more variety of neutron spectra, which will advance performance, and reliability of the evaluated nuclear data libraries.
